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PYRIMIDINYL DERIVATIVES AS INTERLEUKIN INHIBITORS 
BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to a series of novel aspartic acid analogs which exhibit 
selective in vitro and in vivo inhibition of interleukin- lp converting enzyme, to 
compositions containing the novel aspartic acid analogs and to methods for 
therapeutic utility. More particularly, the interleukin lp converting enzyme inhibitors 
described in this invention comprise novel N-(pyrimidinyl)-aspartic acid aldehydes 
and a-substituted methyl ketones which possess particular utility in the treatment of 
inflammatory and immune-based diseases of lung, central nervous system, and 
connective tissues. 

Reported Developments 

Interleukin lp (IL-1p) protease (also known as interleukin lp converting enzyme 
or ICE) is the enzyme responsible for processing of the biologically inactive 31 kD 
precursor IL-ip to the biologically active 17 kD form (Kostura, M.J.; Tocci, M.J.; 
Limjuco, G.; Chin, J.; Cameron, P.; Hillman, A.G.; Chartrain, N.A.; Schmidt, J.A., Proc. 
Nat. Acad. ScL (1989), fi£, 5227-5231 and Black, R.A.; Kronheim, S.R.; Sleath, P.R., 
FEBS Let, . (1989), 247 . 386-391). In addition to acting as one of the body's early 
responses to injury and infection, IL-ip has also been proposed to act as a mediator 
of a wide variety of diseases, including rheumatoid arthritis, osteoarthritis, 
inflammatory bowel disease, sepsis, acute and chronic myelogenous leukemia and 
osteoporosis (Dinarello, C.A.; Wolff, S.M., New EnaL J. Med. . (1993), 328. 106). A 
naturally occurring IL-ip receptor antagonist has been used to demonstrate the 
intermediacy of IL-lp in a number of human diseases and animal models (Hannum, 
C.H.; Wilcox, C.J.; Arend, W.P.; Joslin, G.G.; Dripps, D.J.; Heimdal, P.L; Armes, L.G.; 
Sommer, A.; Eisenberg, S.P.; Thompson, R.C., Nature. (1990), 343 . 336-340; 
Eisenberg, S.P.; Evans, R.J.; Arend, W.P.; Verderber, E.; Brewer, M.T.; Hannum, C.H.; 
Thompson, R.C., Nature (1990), 343, 341-346; Ohlsson, K.; Bjork, P.; Bergenfeldt, M.; 
Hageman, R.; Thompson, R.C., Nature . (1990), 348 . 550-552; Wakabayashi, G., 
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EASEfi. (1991), 338-343; Pacifici, R.; et al. Proc. NatL Acad. Sci. (1989), fi£, 2398- 
2402 and Yamamoto, L; et al. Cancer Rsh (1989), 42, 4242-4246). The specific role of 
IL-lp in inflammation and immunomodulation is supported by the recent observation 
that the cowpox virus employs an inhibitor of ICE to suppress the inflammatory 
response of its host (Ray O.A. et al f £filL (1992), £2, 597-604). 

In summary, the utility of ICE inhibitors in modifying certain IL-ip mediated 
disease states has been suggested and demonstrated in vivo by several workers in 
the field. The following review of the current state of the art in ICE research further 
supports such utility of ICE inhibitors: 

1) WO 9309135, published 11 May 1993, teaches that peptide-based aspartic 
acid arylacyloxy-and aryoxymethyl ketones are potent inhibitors of ICE in vitro. These 
compounds also specifically inhibited ICE in the whole cell -(in vivo) by their ability to 
inhibit the formation of mature IL-1 8 in whole cells. These ICE inhibitors also 
demonstrated utility in reducing fever and inflammation/swelling in rats. 

2) Patients with Lyme disease sometimes develop Lyme arthritis. B. burgdorferi, 
the causative agent of Lyme disease, is a potent inducer of IL-1 synthesis by 
mononuclear cells. Miller et al. (Miller, L.C.; Lynch, E.A. Isa, S.; Logan, J.W.; 
Dinarello, C.A.; and Steere, A.C., "Balance of synovial fluid IL-1 8 and IL-1 Receptor 
Antagonist and Recovery from Lyme arthritis", Lancet (1993) 341 : 146-148) showed 
that in patients who recovered quickly from Lyme Arthritis, the balance in synovial fluid 
of IL-1 -beta and IL-1 ra was in favor of IL-ra. When the balance was shifted in favor of 
IL-1 8, it took significantly longer for the disease to resolve. The conclusion was that 
the excess IL-1ra blocked the effects of the IL-1 8 in the patients studied. 

3) IL-1 is present in affected tissues in ulcerative colitis in humans. In animal 
models of the disease, IL-1 8 levels correlate with disease severity. In the model, 
administration of 1L-1ra reduced tissue necrosis and the number of inflammatory cells 
in the colon. 

See, Cominelli, F.; Nast, C.C.; Clark, B.D.; Schindler, R., Llerena, R.; Eysselein, V.E.; 
Thompson, R.C.; and Dinarelio, C.A.; "lnterleukin-1 Gene Expression, Synthesis, and 
Effect of Specific IL-1 Receptor Blockade in Rabbit Immune Complex Colitis" J. Clin. 
Investigations (1990) Vol. flfi, PP, 972-980. 
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4) IL-1ra supresses joint swelling in the PG-APS model of arthritis in rats. 
See Schwab, J.H.; Anderle, S.K.; Brown, R.R.; Dalldorf, F.G. and Thompson, R.C., 
"Pro- and Anti-Inflammatory Roles of lnterelukin-1 in Recurrence of Bacterial Cell Wall- 
Induced Arthritis in Rats". Infect. Immun. (1 991 ) 59; 4436-4442. 

5} IL-1ra shows efficacy in an small open-label human Rheumatoid Arthritis trial. 
See, Lebsack, M.E.; Paul, C.C.; Bloedow, C.C.; Burch, F.X.; Sack, M.A.; Chase, W., 
and Catalano, M.A. "Subcutaneous IL-1 Receptor Antagonist in Patients with 
Rheumatoid Arthritis", Arth. Rheum. (1 991 ) 24; 545. 

6} IL-1 appears to be an autocrine growth factor for the proliferation of chronic 
myelogenous leukemia cells. Both IL-1ra and slL-1R inhibit colony growth in cells 
removed from leukemia patients. 

See, Estrov, Z.; Kurzrock, R.; Wetzler, M.; Kantarjian, H.; Blake, M.; Harris, D.; 
Gutterman, J.U.; and Talpaz, M., "Supression of Chronic Myelogenous Leukemia 
Colony Growth by lnterleukin-1 (IL-1) Receptor Antagonist and Soluble IL-1 
Receptors: a Novel Application for Inhibitors of IL-1 Activity". Blood (1991) Z& 1476- 
1484. 

7) As in 6) above, but for acute myelogenous leukemia rather than chronic 
myelogenous leukemia. 

See, Estrov, Z.; Kurzrock, R.; Estey, E.; Wetzler, M.; Ferrajoli, A.; Harris, D.; Blake, M.; 
Guttermann, J.U.; and Talpaz, M. "Inhibition of Acute Myelogenous Leukemia Blast 
Proliferation by lnterleukin-1 (IL-1) Receptor Antagonist and Soluble IL-1 Receptors". 
(1992) Blood 79: 1938-1945. 

An effective therapy has yet to be fully developed commercially for the 
treatment of IL-lp mediated inflammatory diseases. Consequently, there is a need for 
therapeutic agents effective in the treatment and prevention of these diseases. 

All of the inhibitors of ICE described in the art known to Applicants are peptide- 
based, taking advantage of the substrate specificity of the enzyme. We describe in 
this invention non-peptide based inhibitors of ICE, specifically where the pyrimidine 
serves as a recognition surrogate for the P2 and P3 amino acids which up until now 
had to be present to yield a potent ICE inhibitor (see Figure 1). One well-known 
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advantage of non-peptide inhibitors versus their peptide counterpart is that in vivo 
metabolism and excretion of such non-peptidic agents to greatly attenuated, thereby 
leading to enhanced bioavailability of these compounds in animals aund humans 
(Humphrey, M.J. and Ringrose, P.S., "Peptides and Related Drugs: A Review of Their 
Absorption, Metabolism, and Excretion", Drug Metaboli sm Reviews. (198$), 1Z, 283- 
310. Also Plattner, J.J. and Norbeck, D.W. "Obstacles to Drug Development from 
Peptide Leads", Drug Discovery Technologies. (1990), Chapter 5, 92-126, C.R. Clark 
and W.H. Moos, eds.; Horwood: Chichester, U.K. 



It should be noted that the pyrimidine-based trifluoromethyl ketones (Figure 2) 
were recently described as inhibitors of the serene protease, elastase. Since ICE is a 
cysteine protease and it is known in the prior art that trifluoromethyl ketones are rather 
poor inhibitors of cysteine proteases (See, Imperialia, B. and Abies, R.H., Biochemistry 
(1986), 2JL 3760-7), it is expected that the pyrimidines of Figure 2 would not be 
inhibitors of ICE. Also, it is known that ICE requires the aspartic acid side chain (- 
CH2COOH) at PI. Pyrimidines which inhibit elastase (Figure 2) contain the valine side 
chain (-CHMe2). In addition, as will be shown later, the pyrimidine-based ICE 
inhibitors (Figure 1) described in this invention do not inhibit human leucocyte 
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Peptide-based ICE inhibitor 
(Dolle, R. et al; J. Med. Chem, M994). 3Z, 563) 




Pyrimidine-based ICE inhibitor 
(this invention) 
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elastase and hence are exquisitely selective for ICE and distinct from the known 
elastase inhibitors. 



RiOC-HN 




COCF3 



Pyrimidine-based elastase inhibitor 
(Imperical Chemical Industries; 
EPO 528 633 A1;1993) 



SUMMARY OF THE INVENTION 



According to the present invention, there is provided a compound of the formula 
(1) or a pharmaceutical^ acceptable salt thereof. 



m H v^N^* R 2 



H O R 3 R 4 H 



wherein: H U! 



Yis 



H oJL Re 
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and when R 6 is OH, then Y can also be: 
H O 



6 



OH 

R5 is H or deuterium; 
R 6 is OR 8 or NHOH 

where Rs is independently H, alkyl, or aralkyl 
R3 and R4 = independently H, alkyl or aralkyl 



R2 =H, alkyl, -(CH 2 )o-4-cycloalkyl, -(CH 2 ) 
aryl, heteroaryl, aralkyl, heteroaralkyl, -(CH 2 )2-4-Rio; 

where n=1-3; 

where R10 = alkoxy, CH 2 F, CHF 2f CF 3> CF 2 CF 3f OH, COOR 11f CONRsR-n, or NR9R11; 

where R9 is independently H, alkyl. aryl, aralkyl, heteroaryl, heteroaralkyl, 

-CH 2 CH 2 0-alkyl and C(0)-Ri 2 ; 

where Rn is independently H t alkyl, aryl, aralkyl, heteroaryl and heteroaralkyl; 

and when R9 and Rn are taken together, they can equal a five, six or seven 
membered ring of the type: 

On 

where n =1-3 and m= 0-1; 
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and R12 is alkyl, aryl, aralkyl, heteroaryl and heteroaralkyl; 

H 



R 7 =H, CH 2 F, CHRi 3 0(CO)o-i -aryl, CHR 13 OP(0)(Ri 4 )R(i5), -CHRnaO^^kl 




Rl \ o 



R15 




wherein: 

Ri3 = H or alkyl 

R14 = H, alkyl or aryl 

R15 = H, alkyl oraryl 

R 16 = H, alkyl, aryl, heteroaryl, aralkyl or heteroaralky 

R17 s H. alkyl, CF3, CF2CF3, aryl, heteroaryl, aralkyl, heteroaralkyl, COORn, 
CONR9R11 

R18 = H, alkyl, CF3, CF2CF3, aryl, heteroaryl, aralkyl, heteroaralkyl 
R1 is defined as: 

R19-R2, R19-R20. R19-R21, R19-NR9R11 
where Rig = (CRsFLO-cm; 
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R20- 




and 



— n, 



o 



where X = O, S, NR 9 



R 21 = 



and 



where n -1-3; 



R22O- 

where R22 - alkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, Ri9-cycloalkyl, R19-R21. R23- 
R10, R23-R20; 

wherein R23 = (CRaR4)-2-4; 
R 9 R1 1 N- and R24R1 1 N- 

where R24 = Rig-cycloalkyl, R19-R21, R23-R10. R23-R20. CR3R4COOR1 1 and 
CR3CR4CONR9R11; 

As used herein, the term "pharmaceutically acceptable salts" include the acid 
and base addition salts. 

The term "acid addition salts" refers to those salts which retain the biological 
effectiveness and properties of the free bases and which are not biologically or 
otherwise undesirable, formed with inorganic acids such as hydrochloric acid, 
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, and organic 
acids such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, 
maleic acid, malonic acid, succinic acid, fumaric acid, tartaric acid, citric acid, benzoic 
acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p- 
toluenesulfonic acid, salicylic acid and the like. 

The term "base addition salts" include those derived from inorganic bases such 
as sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zinc, copper, 
manganese, aluminum salts and the like. Particularly preferred are the ammonium, 
potassium, sodium, calcium and magnesium salts derived from pharmaceutically 
acceptable organic non-toxic bases include salts of primary, secondary, and tertiary 
amines, substituted amines including naturally occurring substituted amines, cyclic 
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amines and basic ion exchange resins, such as isopropylamine, trimethylamine, 
diethylamine. triethylamine, tripropylamine, ethanolamine, 2-dimethylaminoethanol, 2- 
diethylaminoethanol, trimethamine, dicyclohexylamine, lysine, arginine, histidine, 
caffeine, procaines, hydrabamine, choline, betaine, ethylenediamine, glucosamine, 
metMglucamine. theobromine, purines, piperazine, piperidine, N-ethylpiperidine, 
polyamine resins and the like. Particularly preferred organic non-toxic bases are 
isopropylamine. diethylamine, ethanolamine, trimethamine. dicyclohexylamine, 
choline and caffeine. 

As employed above and throughout the disclosure, the following terms, unless 
otherwise indicated, shall be understood to have the following meanings: 

"Alky!" is defined as a saturated aliphatic hydrocarbon which may be either 
straight- or branched-chain. Preferred groups have no more than about 12 carbon 
atoms and may be methyl, ethyl, propyl, and so on and structural isomers of propyl, 
butyl, pentyl, hexyl, octyl. nonyl, decyl, undecyl, dodecyl. 

"Cyclolalkyl" is defined as a saturated cyclic aliphatic hydrocarbon containing 
from at least 3 to as many as 8 carbon atoms. Preferred groups include cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl. 

"Aryl" is defined as a phenyl or naphthyl ring or a substituted phenyl or naphthyl 
ring wherein one or more of the hydrogen atoms has been replaced by the same or 
different subsfrtuents as selected from Ri, COR-i. or R 2 5. where R 25 is defined as H. 
OH. halo. -OC(0)Rn. -C(0)Rn, -NRnC(0)Ri, -NRnC(0)(CR 3 R4)2-6Ri. -COORn. 
-COOR11, -CONRs.Rn, R11S-, -NR9.R11SO2R8, -S0 2 NR 9 ,Rii, nitro. cyano. 
-NRiiCONR 9 ,Rii, where R1, R 8 . R9. R11. and Ri 2 , are defined as above. 

"Heteroaryl" is defined as an unsubstituted or an optionally substituted mono- 
or bicyclic ring system of about 5 to about 12 carbon atoms and where each 
monocyclic ring may possess from 0 to about 4 heteroatpms, and each bicyclic ring 
my possess about 0 to about 5 heteroatoms selected from N, O. and S provided said 
heteroatoms are not vicinal oxygen and/or sulfur atoms and where the substituents. 
numbering from 0 to about 5 may be located at any appropriate position of the ring 
system and are optionally selected from the substituents listed for those described for 
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aryl. Examples of such mono- and bicyclic ring systems which are by no means 
meant to limit the scope of this invention, including benzofuran, benzothiophene, 
indole, benzopyrazole, coumarin, isoquinoline, pyrrole, thiophene, furan, thiazole, 
imidazole, pyrazole, triazole, quinoline, pyrollidenone, pyrimidine, pyridine, pyridone, 
pyrazine, pyridazine, isothiazole, isoxazole and tetrazole. 

"AralkyP refers to an alkyl group substituted by an aryl radical. For example, 
benzyl. 

"Heteroaralkyl" refers to an alkyl group substituted by a heteroaryl radical. For 
example, (4-pyridy I) methyl. 

"Alkoxy" refers to an O-atom substituted by an alkyl, aryl or aralky radical. For 
example methoxy, ethoxy, phenoxy, benzyloxy. 

"Halo" means iodo, bromo, chloro, and fluoro. 

The designation "(CR3R4)2-4 W refers to an alkyl linkage composed of at least 2 
but not more than 4 carbon atoms where said carbon atoms are independently 
substituted with radicals described by R3 and R4. Examples of such linkages include 
but are not limited to ethyl, propyl, butyl, 2-methyIethyl (-(MeHCCH2-), 2,2- 
dimethylethyl (Me 2 CCH 2 -). 

The present invention also concerns the pharmaceutical composition and 
method of treatment of IL-lp protease mediated disease states or disorders in a 
mammal in need of such treatment comprising the administration of IL-lp protease 
inhibitors of formula (I) as the active agent. These disease states and disorders 
include: infectious diseases, such as meningitis and salpingitis; septic shock, 
respiratory diseases; inflammatory conditions, such as arthritis, cholangitis, colitis, 
encephalitis, endocerolitis, hepatitis, pancreatitis and reperfusion injury, immune- 
based diseass, such as hypersensitivity; auto-immune diseases, such as multiple 
sclerosis; bone diseases; and certain tumors and leukemias. 

The present invention has particular utility in the modulation of processing of 
IL-lp for the treatment of rheumatoid arthritis. Levels of IL-lp are known to be 
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elevated in the synovial fluid of patients with the disease. Additionally, IL-lp 
stimulates the synthesis of enzymes believed to be involved in inflammation, such as 
collagenase and PLA2, and produces joint destruction which is very similar to 
rheumatoid arthritis following intra-articular injection in animals. 

In the practice of this invention an effective amount of a compound of the 
invention or a pharmaceutical composition thereof is administered to the subject In 
need of, or desiring, such treatment These compounds or compositions may be 
administered by any of a variety of routes depending upon the specific end use, 
including orally, parenterally (including subcutaneous, intraarticular, intramuscular 
and intravenous administration), rectally, buccally (including sublingually), 
transdermal^ or intranasally. The most suitable route in any given case will depend 
upon the use, the particular active ingredient, and the subject involved. The 
compound or composition may also be administered by means of controlled-release, 
depot implant or injectable formulations as described more fully herein. 

in general, for the uses as described in the instant invention, it is expedient to 
administer the active ingredient in amounts between about 0.1 and 100 mg/kg body 
weight, most preferably from about 0.1 to 30 mg/kg body weight for human therapy, 
the active ingredient will be administered preferably in the range of from about 0.1 to 
about 20-50 mg/kg/day. This administration may be accomplished by a single 
administration, by distribution over several applications or by slow release in order to 
achieve the most effective results. When administered as a single dose, 
administration will most preferably be in the range of from about 0.1 to mg/kg to about 
1 0 mg/kg. 

The exact dose and regimen for administration of these compounds and 
compositions will necessarily be dependent upon the needs of the individual subject 
being treated, the type of treatment, and the degree of affliction or need. In general, 
parenteral administration requires lower dosage than other methods of administration 
which are more dependent upon absorption. 

A further aspect of the present invention relates to pharmaceutical compositions 
comprising as an active ingredient a compound of the present invention in admixture 
with a pharmaceutical^ acceptable, non-toxic carrier. As mentioned above, such 
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compositions may be prepared for use for parenteral (subcutaneous, intraarticular, 
intramuscular or intravenous) administration, particularly in the form of liquid solutions 
or suspensions; for oral or buccal administration, particularly In the form of tablets or 
capsules; or intranasally, particularly in the form of powders, nasal drops or aerosols. 

When administered orally (or rectally) the compounds will usually be 
formulated into a unit dosage form such as a tablet , capsule, suppository or cachet. 
Such formulations typically include a solid, semi-solid or liquid carrier or diluent. 
Exemplary diluents and vehicles are lactose, dextrose, sucrose, sorbitol, mannitol, 
starches, gum acacia, calcium phosphate, mineral oil. cocoa butter, oil of theobroma, 
aginates, tragacanth, gelatin, syrup, methylcellulose, polyoxyethylene sorbitar 
monolaurate, methyl hydroxybenzoate, propyl hydroxybenzoate, talc, and magnesium 
stearate. 

The compositions may be prepared by any of the methods well-known in the 
pharmaceutical art, for example as described in Remington's Pharmaceutical 
Sciences . 17th edition. Mack Publishing Company. Easton. PA, 1985. Formulations 
for parenteral administration may contain as common excipients sterile water or 
saline, alkylene glycols such as propylene glycol, polyalkylene glycols such as 
polyethylene glycol, oils of vegetable origin, hydrogenated naphthalenes and the like. 
Examples of vehicles for parenteral administration include water, aqueous vehicles 
such as saline. Ringer's solution, dextrose solution, and Hank's solution and 
nonaqueous vehicles such as fixed oils (such as corn, cottonseed, peanut, and 
sesame), ethyl oleate, and isopropyl myristate. Sterile saline is a preferred vehicle 
and the compounds are sufficiently water soluble to be made up as a solution for all 
foreseeable needs. The vehicle may contain minor amounts of additives such as 
substances that enhance solubility, isotonicity, and chemical stability, e.g., 
antioxidants, buffers, and preservatives. For oral administration, the formula can be 
enhanced by the addition of bile salts and also by the addition of acylcarnitines (Am. J . 
Physiol. 251 :332 (1 986)). Formulations for nasal administration may be solid and 
contain as excipients, for example, lactose or dextran, or may be aqueous or oily 
solutions for administration in the form of nasal drops or metered spray. For buccal 
administration typical excipients include sugars, calcium stearate, magnesium 
stearate, pregelatinated starch, and the like. 
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When formulated for nasal administration the absorption across the nasal 
mucous membrane is enhanced by surfactant acids, such as for example, glycocholic 
acid, cholic acid, taurocholic acid, ethocholic acid, desoxycholic acid, 
chenodesoxycholic acid, dehydrocholic acid, glycodeoxy-cholic acid, and the like 
(See, B.H. Vickery, "LHRH and its Analogs-Contraception and Therapeutic 
Applications". Pt. 2, B.H. Vickery and J.S. Nester, Eds., MTP Press, Lancaster, UK, 
1987). 

DETAILED DESCRIPTION OF THE INVENTION 

The compounds of this invention were prepared by using the general synthetic 
methods as described in Schemes 1, 2, 3, and 4. Z-Asparatic acid oc-bromomethyl 
ketone (Scheme 1 ; Formula 1 ; Z = benzyloxycarbonyl) is treated with an alcohol or a 
carboxylic acid in the presence of KF using DMF as a solvent to give the a-substituted 
Z-aspartic acid methyl ketones (Formula 2). The preparation of bromide formula 1 and 
its conversion to compounds of formula 2 is accomplished using the methods as 
described by A. Krantz, et al. {Biochemistry, (1991), 2Q, 4678-4687). Subsequently, 
the Z-group is removed to generate an N-terminal amine (Formula 3) under 
hydrogenolytic conditions. The reagents and conditions typically used to carry out the 
hydrogenolyic removal of the Z-group are hydrogen gas, ambient temperature and 
pressure, 5% palladium on carbon as the catalyst in an alcoholic solvent e.g., 
methanol optionally containing two equivalent of hydrochloric acid. It is not necessary 
to purify the intermediate free amine (or the hydrochloride salt if hydrochloric acid is 
used in the hydrogenolysis), though this material needs to be dry and free of alcohol 
for the subsequent coupling reaction to proceed in good yield. The amine (Formula 3) 
so obtained is then condensed with the pyrimidine carboxylic acid (Formula 4) to yield 
intermediates of Formula 5. It is generally necessary to first activate the pyrimidine 
carboxylic acid as an acid chloride or mixed anhydride and then react it with the free 
amine (or hydrochloride salt) in the presence of an organic base, e.g., N- 
methylmbrpholine. Alternatively, coupling the pyrimidine carboxylic acid with the 
intermediate amine is conducted using amide coupling reagents/conditions employed 
in peptide coupling chemistry ("The Practice of Peptide Synthesis." M. Bodanszky, 
Springer- Verlag, NY, 1984; The Peptides. Vol 1-3, E. Gross and J. Meienhofer, Eds. 
Academic Press, NY, 1981). The remaining synthetic transformation to generate the 
ICE inhibitors is the hydrolysis of the t-butyl ester function. This is conducted by 
exposing the t-butyl ester (Formula 5) to a 25% solution of trifluoroacetic acid (TFA) in 
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methylene chloride at 25 °C. The de-esterification is usually complete with 3 h. 
Removal of the volatile TFA and organic solvent affords the aspartic acid (Formula 6). 
The yield of the reaction is quantitative in most instances, providing the t-butyl ester 
starting material is of high purity. Purification, if required, can be performed by 
recrystallization or chromatographic techniques which are well know to those skilled 
in the art. The concentration of TFA may range form 5% - 100% and other organic 
solvents may be used such as chloroform. Also, a solution of three molar anhydrous 
hydrochloric acid in ethyl acetate may be used in place of the TFA-methylene chloride 
solution with equal efficiency. 

Scheme 2 outlines the synthesis of the aspartyl aldehyde containing 
pyrimidines. The starting material for their synthesis is the aspartyl semicarbazone 
(Formula 7). The Z-group is removed via standard hydrogenation conditions to yield 
the corresponding amine (Formula 8). This is then coupled to the pyrimidine acid 
(Formula 4) using coupling conditions analogous to those described above; A double 
de-protection is required to free the beta carboxylic acid (trifluoracetic acid) and the 
alfa aldehyde (37% aqueous paraformaldehyde, acetic acid, methanol) yielding 
compounds of Formula 10. 

Scheme 3 outlines an alternate synthetic method for introducing Ri groups 
onto the pyrimidine 5-amino function further enhancing the scope of this invention. 
Pyrimidines either as their free acids, esters or aspartic acid amides which contain a 
Z-group (Formula 11) may be subjected to hydrogenolysis conditions (similar to those 
described above) to yield the corresponding 5-amino pyrimidines (Formula 12). The 
amine moiety may be reacted with acid chlorides, or activated carboxylic acids 
(conditions analogous to those used to couple Formula 3 and 4 as described in 
Scheme 1 above) to afford Ri containing pyrimidines with structural diversity in R-|. 

Scheme 4 outlines the synthesis of the requisite pyrimidines. The starting 
materials used are the 3-carboxyethyl pyrimidines with either the N-ally (Formula 13) 
or N-acetaldehyde dimethyl acetal (Formula 14). Their synthesis can be readily 
deduced by those in the art employing the reaction conditions presented in the 
literature (Veale, C.A.; et al, J. Pro. Chem . (1993), 5fi, 4490-4493; Gupta, K.A.; et al. 
Ind. J, Chem, B, 228; Nemeryuk, M.P.; et al. Collect. Czech. Chem Commun. 
(1986), 51, 215-233). The ethyl esters are hydrolyzed in the presence of aqueous 
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base (LiOH in H2O-THF or NaOH in H2O-THF) to give the corresponding acids 
(Formulas 15 and 16). The carboxylic acids in turn are subjected to a Curtius 
rearrangement (Pfister, J.R.; et al. Synthesis . (1983), 38; Radhakrishna, A.S.; et at. 
Synthesis . (1983), 538; Ninomiya, K.; et al; Tetrahedron . (1974), 3Q, 2151) yielding a 
highly reactive isocyanate (Formula 17 and 18), which is not isolated, but reacted 
immediately with an alcohol or an amine (see Ninomiya, K. et al. Supra). The overall 
process provides either a carbamate (isocyanate trapped with an alcohol) or a urea 
(isocyanate trapped with an amine), as represented by Formulas 19 and 20. At this 
point the synthesis diverges in that if an N-allyl pyrimidine was used a starting material 
(Formula 19), the olefin is oxidized with osmium tetroxide/N-methyl morpholine N- 
oxide (See, V. VanRheenen; et al. Tetrahedron Lett. . (1976), 1973-1976; Organic 
Synthesis Vol 58, p43-51) and sodium or potassium periodate (H. O. House; Modern 
Synthetic Reactions . W. A. Benjamin Inc., Menlo Park, GA 1972, 353-359) yielding the 
intermediate aldehyde (Formula 13 Formula 19 -Formula 21). 

Alternatively, if an N-acetaldehyde dimethyl acetal was used as a starting material 
(Formula 20), the dimethylacetal functionality is treated with dilute acid (aqueous 
HC1) liberating intermediate aldehyde (Formula 14- -Formula 

20 Formula 21). Acids of formula 4 were obtained from aldehydes of formula 

21 via sodium or potassium chlorite-mediated oxidation (B.S. Bal; et al. Tetrahedron . 
(1981), 32L 2091). It should be noted that trapping the isocyanate (formulas 17 and 
18) with benzyl alcohol provides intermediate Z- carbamates which ultimately lead to 
the compound of formula 1 1 (Scheme 3). 
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^COOt-Bu 



and KF In DMF 



Formula 1 



H 2 ;Pd/C; 



COOt-Bu 



H2N^C0CH2R 26 
*- Formula 3 



^COOt-Bu 

2-HN cOCH 2 R 26 
Formula 2 




EtOCOCI 

N-methyl morpholine 



Formula 4 



RiOOHN 




-COOt-Bu 



f uwrou Trifluoro- 
M— acetic acid 

ft cocas' 



COOH 
CH2R26 



Formula 5 



Formula 6 



WO 95/26958 



17 



PCT/US95/03909 



SCHEME 2 



^COOt-Bu 
Z-HlNT v Cc=NNHCONH2 
Formula 7 



H 2 ; Pd/C; 



COOt-Bu 



C-NNHCONH 2 
Formula 8 



RiOC-H! 




COOt-Bu 



EtOCOCI 

N-methyl morphollne 



i)Trffluoro- 
acetic acid 



, „ II) 37% aqueous R,OC-H 

c/n H C-NNHCONH2 paraformaldehyde, 
0 Ra 4 HOAcandMeOH 
Formula 9 




Formula 10 
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SCHEME 3 




Formula 1 1 



H 2 ; Pd/C; 
.2 equiv HCI 




RjCOCI or 
R1CO2COR 



Formula 4: W = OH 



^COOt-Bu 

Formula 5: W = ^JL 

HN COCH 2 R 2 6 



XCOOt-Bu 
™ C=N-NHCONH 2 



• 
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Formula 13: R 27 - CH=CH 2 
Formula 14: R 2 7 = CH(OMe)2 



o=c= 



OH 



HOOC 



N R 

T rN 



Formula 15: R 2 7 = CH=CH 2 
Formula 16: R 2 7 - CH(OMe) 2 



R 27 



Formula 17: R 27 « CH=CH 2 
Formula 18: R 27 - CH(OMe) 



R^OH, RuNHRq, or R 24 NHRn 



RiOC-l 



(PhO) 2 P(0)N 3 
B 3 N 




Formula 19: R 2 7 - CH=CH 2 
Formula 20: R 2 7 = CH(OMe) 2 



If R 27 = CH(OMe) 2 : (I) H* 

If R 27 =CH=CH 2 :(i)Os0 4 /pyr; 

(II) NalQ 4 



Vt R2 

R 1 OC-HN-^\^ N \^' 

T rT«4 



CHO 



Formula 21 



oxidation , 



,R 2 



YV 

J R3 ^4 



Formula 4 



m 
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wherein: 

R1-R4, R9, Rn, and R24 are as defined in formula (I), Z is defined as the 
benzyloxycarbonyl group, W is defined as an OH group, a 

HNC(H)(CH2COOtBu)COCH2R26) and a HNC(H)(CH2COOtBu) C=NNHCONH2 
moieties, where R 2 6 is defined as F. -0(CO)o-raryl r OP(0)(Ri4)R(l5). 




wherein Re, R14, R15. R16. R17 and Rib are defined as previously. 

The following will further illustrate the compounds of the present invention. 

Example 1 

N-f2-f5>Benzvloxvcarbonvlamino-6-oxQ -2-r4>fluorophenvlV1.B>dihvdrQ>1« 
pvrimidinvnacetovl-L-aspartic acid 2.6-dichlorobenzovloxvmethvl ketone 

Part A : N-Benzyloxycarbonyl-L-aspartic acid bromomethyl ketone p-tert-butyl ester 
(0.3 g; 0.76 mM) was dissolved in 12 mL of anyhydrous DMF. To this solution was 
added powdered potassium fluoride (0.11 g; 19 mmol) and 2,6-dichlorobenzoic acid 
(0.17 g; 0.91 mmol) and the reaction mixture was stirred overnight. The solution was 
diluted with Et20 and washed with water, aqueous saturated NaHC03, brine and 
dried (MgS04). The ketone so obtained was purified by silica gel chromatography 
using ethyl acetate/hexane as the eluting solvent ( 1 H NMR (CDCI3) § 7.36 (m, 9H), 
5.90 (d, 1H), 5.20 (m, 4H) ( 4.67 (m, 1H), 3.00 and 2.75 (doublet of doublets, 1H each), 
1.42 (s, 9H)). 

Part B : N-Benzyloxycarbonyl-L-aspartic acid 2,6-dichlorobenzoyloxymethyl ketone p- 
tert-butyl ester (1.02 g, 2 mmol; Part A above) was dissolved in absolute ethanol (100 
mL, 4 mmol) containing 2 equiv. of 6 N aqueous HCI (4 mmol) and 10% palladium on 
carbon (96 mg). The reaction mixture was stirred under an ambient atmosphere of 
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hydrogen gas for approximately 1 hour (thin layer chromotography [5% MeOH- 
CH2CI2] indicated the disappearance of starting material). The solution was filtered 
and the solvent was removed in vacuo to give L-aspartic acid 2,6- 
dichlorobenzoyloxymethyl ketone p-tert-butyl ester HCI salt which was used 
immediately in the subsequent reaction described in Part C. 

Part C : A solution of 2-(5-benzyloxycarbonylamino-6-oxo-2-(4-fluorophenyl)-1,6- 
dihydro-1-pyrimidinyl)acetic acid (771 mg f 2.05 mmol) in CH2CI2 (10 mL) was cooled 
to -20°C and isobutylchloroformate (0.28 mL, 2.05 mmol) and N-methylmorpholine 
(0.23 mL, 2.05 mmol) were added sequentially. The reaction mixture was stirred for 
15 mintues and a solution of aspartic acid 2,6-dichlorobenzoyloxy methyl ketone p- 
tert-butyl ester HCI salt (prepared in Part B above) was added followed by a second 
addition of N-methyl morpholine (0.23 mL, 2.05 mmol). The reaction mixture was 
stirred for 30 minutes and then was diluted with EtOAc, washed with water, aqueous 
saturated NaHC03, brine and dried (MgS04). The solvents were removed in vacuo 
and the product purified by silica gel chromatography using 40% EtOAc-hexane as 
eluent to give N-[2-(5-benzyloxycarbonylamino-6-oxo-2-(4-fluorophenyl-)1 ;6-dihydro- 
1-pyrimidinyl)acetoyl]-L-aspartic acid 2,6-dichlorobenzoyloxymethyl ketone p-tert- 
butyi ester (1.2g;80%). 

Pgfl P; A solution of N-[2-(5-benzyloxycarbonylamino-6-oxo-2-(4-fluorophenyl)-1,6- 
dihydro-1-pyrimidinyl)acetoyl]-L-aspartic acid 2,6-dichlorobenzoyloxymethyl ketone p- 
tert-butyl ester (Part C above) in methylene chloride containing 25% v/v trifluoroacetic 
acid (20 mL) was stirred for 2 hours at 0°C. The solvent was removed in vacuo and 
the residue was purified by silica gel chromatography to give analytically pure N-[2-(5- 
benzyloxycarbonylamino-6-oxo-2-(4-fluorophenyl)-1,6-dihydro-1-pyrimidinyl)acetoyl]- 
L-aspartic acid 2,6-dichlorobenzoyloxymethyl ketone low resolution mass spectrum: 
m/z » 699 (M+H). 



WO 95/26958 



PCT/US95/03909 



22 
Example 2 

N-(P-^-Thiomethvlhftn7Q^^^ 

pvrimidinvnacetovnL-aspartic acid 2.6-dichlorobenzQvloxvmethvl ketone 

Part A : N-[2-(5-Benzy loxycarbonylamino-6-oxo-2-(4-f luorophenyl)-1 ,6-dihydro-1 - 
pyrimidinyl)acetoyl]-L-aspartic acid 5-(1 -(4-chlorophenyl)-3-trifluoromethyl)pyrazol- 
oxy-methyl ketone p-tert-butyl ester (2.5g, 3.0 mmol) was dissolved in absolute 
ethanol (100 ml_ f 4 mmol) containing 2 equlv of 6N aqueous HCK The solution was 
degassed with nitrogen and 10% palladium on carbon was added (300 mg): The 
reaction mixture was stirred under an ambient atmosphere of hydrogen gas for 
approximately 5 h (thin layer chromotography [50% EtOAc-hexane: Rf starting 
material = 0.5; Rf of product = 0.0] indicated the disappearance of starting material). 
The solution was filtered and the solvent was removed in vacuo to give N-[2-(5-amino- 
6-oxo-2-(4-fluorophenyM ,6-dihydro-1 -pyrimidinyl)acetoyl]-L-aspartic acid 5-(T-(4- 
chlorophenyl)-3-trifiuoromethyl)pyrazoloxymethyl ketone B-tert-butyl ester which was 
azeotroped with toluene and used without further purification in the subsequent 
reaction described in Part B. 

Part B : To a solution of N-[2-(5-amino-6-oxo-2-phenyl-1 ,6-dihydro-1-pyrimidinyl)- 
acetoyl]-L-aspartic acid 5-(1 -(4-chlorophenyl)-3-trifluoromethyl)pyrazoloxymethyl 
ketone B-tert-butyl ester (713 mg, 1.0 mmol prepared in Part A above) in methylene 
chloride (30 mL) at 5°C was added 4-thiomethyIbenzoyl chloride (279 mg, 1.5 mmol) 
followed by the addition of N-methylmorpholine (0.5 mL; 4.5 mmol) and 4-N,N- 
dimethylaminopyridine (10 mg). The reaction mixture was stirred for 2 h at 5°C and 
then was allowed to warm to room temperature. The solution was diluted with EtOAc, 
washed with water, saturated aqueous NaHC03, brine and dried (MgS04). The 
solvents were removed in vacuo. The product was purified by silica gel 
chromatography using about 30% EtOAc-hexane as eluent to give N-[2-(5-(4- 
thiomethylbenzoylamino)-6-oxo-2-(4-fluorophenyl)-1 ,6-dihydro-1-pyrimidinyl)acetoyl]- 
L-aspartic acid 5-(1-(4-chlorophenyl)-3-trifluoromethyI)pyrazoloxymethyl ketone B-tert- 
butyl ester in 50% yield. 

Part C : N-[2-(5-(4-Thiomethylbenzoylamino-6-oxo-2-(4-fluorophenyl)-1 ,6-dihydro-1- 
pyrimidinyl)acetoyl]-L-aspartic acid 5-(1 -(4-chlorophenyl)-3-trifluoromethyl)pyra2oI- 



t 
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oxymethyl ketone p-tert-butyl ester was converted to its corresponding acid, N-[2-(5- 
(4-thiobehzoylamino)-6-oxo-2-(4-fluorophenyl)-1,6-dihydro-l-pyrimidinyl)acetoyl]-L- 
aspartic acid 5-(1-(4-chlorophenyl)-3-trifluoromethyl)pyrazoloxymethyl ketone using 
the conditions described in Part D of example 1 above. 

Mass spectrum: m/z = 787 (M+H) 

Following the procedure in Schemes 1 and 2, and by analogy with Examples 1 
and 2, the following compounds were prepared. 

Exgmplg 3 

NI-p^5-Benzvloxvcarbo nylamino-6-oxo.>2^4-fluoroDhenvlM.6-dihvdro>1> 
pyrimidinvhacQtovn-L-aspartic aci d diDhenvlphosphinoxvmethvl ketone 

Mass spectrum: m/z =727 (M+H) 



Example 4 

N-f2W5-Ben 7vloxvcarbonvlamino-6-oxo>2-(4-fluorophenvlV1.6-dihvdro-1- 
pyrimidinvnacetovtl-L-aspartic acid 5-M -f4-chloroDhenvn-3- 

trifluoromethynovrazolpxymethvl ketone 

Mass spectrum: m/z =771 (M+H) 



Example g 

N>r2W5>Ben zvloxvcarbonvlamino>6-oxo>2-f4>fluorophenvn-1:6-dihvdro-1- 
pvrimidinvnacetovlVUas partic acid 5-(3-ohenvteoumarinvloxvmethvl ketone 

Mass spectrum: m/z = 747 (M+H) 
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Example 6 

N.fP-(fi-Ren?vloxvcarbonylamino-6-oxo-2W4-fluoroohenvn-1.6-dihvdro-1- 
pyrimidinv nacetovll-L-aspartic acid 5-M -phenvt-3-trifluoromethvnDvrazoloxvmethvl 

ketone 

Mass spectrum: m/z =737 (M+H) 



Example 7 

N-f2-f5-lsoDropvloxvcarbo nv1amino-6-oxo-2-phenvl-1 .6-dihvdro-1- 
pyrimidinynacetoyl]-L-aspartic acid 5-/ 1 -phenyl-3-trif luoromethynpyrazoloxymethyl 

ketone 

Mass spectrum: m/z = 671 (M+H) 



Example 8 

N-[2-f5-Benzvloxvcarbonvlamino-6-oxo-2-f3-pvridinvn-1.6-dihvdro-1- 
pyrimidinvhacetovn-L-aspartic acid 5-M -Dhenvl-3-trffluoromethvnDvrazoloxvmethvl 

Ketone 

Mass spectrum: m/z =720 (M+H) 



Example 9 

N-f2-c5-Benzvloxvcarhonvlamino-6-oxo-2-i2-thienvn-1 S-dihvdro-1 - 
Dvrimidinvllacetovn-L-aspartic acid 5-M-Dhenvl-3-trifluoromethvl)pvrazoloxvmethvl 

ketone 

Mass spectrum: m/z =725 (M+H) 
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Example 10 

N-(PWS-Rftn7ylnwcarbonvlaminn-fi-oxo-2-^^ - 
aspartic acid S-M -nhenvl-3-trffluoromethvnpvrazoloxvmethvl ketone 

Mass spectrum: m/z =657 (M+H) 



Example 11 

N-[2-fS-Benzyloxvcarbonvlamino-6-Qxo-2.r2.thienvh-1.6-dihydrQ-1 
pyrimidinvnacetovn-L-aspartic acid 5-M-f2-DvridinvH-3- 
trifluoromethvnpvrazoloxymethvl ketone 

Mass spectrum: m/z =726 (M+H) 



Example 12 

N-[2-f5-Ben2vloxvcarbonvlamino-6-oxo-2-(2-thienvn-L-asDartic acid S-^^-U- 

chlorQPhenyl)-3-trifluQromethyl)pyrazp|Qxymethyl Ketone 
Mass spectrum: m/z =759 (M+H) 



Example 13 

N-[2-f5-Ben2vloxvcarbonvlamino-6-oxo-2-f2-thienvh-L-aspartic acid 2.6- 

d'chloropenzoyloxymethyl Ketone 



Mass spectrum: m/z =687 (M+H) 
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Exampl 14 

N-[2-r5>Benzvloxvcarbonvlamino-6>oxQ-2^2-thienvh-1.6-dihvdro-1- 
pvrimidinvhacetoyH-L-aspartic acid aldehyde 

Mass spectrum: m/z =485 (M+H) 

Compounds of the present invention were tested for IL-lp protease inhibition 
activity according to the following protocols: 

In Vitro 

Second order rate constants for inactivation were obtained using the enzyme 
assay described in Dolle, R.E. et aL; J. Medicinal Chemistry, (1994), 3Z, 781. 

The compounds in examples 1-13 possess IL-1B protease inhibition (kobs/l 
were >50,000 M _1 s" 1 ). 

In Vivo 

In vivo inhibition (IC50) was determined as follows: 

Human monocytes were isolated from heparinized leukopheresis units 
obtained through Biological Specialty Corporation (Lansdale, PA). Monocytes were 
purified by Ficoll-Hupaque (Pharmacia Fine Chemicals, Piscataway, NJ) gradient 
centrifugation and more than 95% pure monocyte populations obtained by centrifugal 
elutriation. The assay was performed on duplicate samples of freshly isolated human 
monocytes, cultured in suspension at 37°C and rotated gently in conical bottom 
polypropylene tubes (Sardstedt Inc., Princeton, NJ). Human monocytes at a 
concentration of 5 x 10 6 cells/mL were resuspended in 1 mL of RPMI 1640 (a common 
tissue buffer from M.A. Bioproducts, Walkersville, MD) containing 1% fetal calf serum 
(FCS) (HyClone, Logan, UT) and 50 jig/mL gentamycin (Gibco, Grand Island, NY). 
The cells were treated either with a compound of the invention (i.e. test compound) or 
with a non-inhibitor (control compound, typically 0.03% DMSO) for 15 minutes and 
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then activated with 0.01% fixed Staphylococcus aureus (The Enzyme Center, Maiden, 
MA) for 1 hour. The cells were then centrifuged and resuspended in 1 mL of cysteine, 
methionine-free RPMI media containing 1% dialyzed FCS (Hyclone). The cells were 
pretreated with a test compound or control compound for 15 minutes after which 
0.01% fixed S. aureus plus 100 fiCi Tran 35-S label (!CN, Irvine, CA) was added and 
the cells incubated at 37°C for 1 hour. After incubation, cells were centrifuged, 
washed once in phosphate buffer saline and resuspended in 1 mL RPMI containing 
1% fetal calf serum. The cells were again pretreated with a test or control compound 
for 15 minutes and then 0.01% S. aureus for 2 hours. At the end of the incubation, 
cells were centrifuged and supernates saved for immunoprecipltation. Cells were 
washed once in phosphate buffer saline and then lysed in RIPA, a continuous cell 
media buffer containing 2 mM phenylmethylsulfonyl fluoride, 10 mM iodoacetate, 1 
tig/mL pepstatin A, 1 ^ig/mL leupeptin and 0.5 TIU aprotinin. 

For the immunoprecipitations, an equal volume of 1% dry milk in RIPA buffer 
plus 50 \iL of resuspended protein A sepharose CL-4B (Pharmacia, Piscataway, New 
York) was added to supernates and 1 mL of 4% dry milk containing protein A 
sepharose CL-4B to cell lysates and samples rotated for 30 minutes at 4°C. Beads 
were then centrifuged down, samples transferred to fresh tubes and incubated 
overnight with 40 \ig rabbit anti-human IL-ip polyclonal antibody (Genzyme, 
Cambridge, MA). The IL-1|5 proteins were then precipitated with 70 ^L protein A 
sepharose, resuspended in 60 ^L SDS sample buffer and run on 15% SGD-PAGE 
gels. Autoradiography was performed on dried gels and the amount of radioactivity 
(counts per minute, cpm) quantttated using a Betascope 603 analyzer. 

Data Analysis 

In the monocyte pulse chase assay, each test parameter was run in duplicate. 
Data was collected from the Beta Scope using a personal computer, then transferred 
to the VAX system for calculation of mean cpm and standard deviation of the mean. 
When test compounds were evaluated, the percent inhibition of release of mature IL- 
lp was calculated as follows: 

100 x [1 - (cells treated with stimuli + test compound - 
unstimulated cells)/(cells treated with stimuli + control compound- 
unstimulated cells)] 
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These % inhibition values were then used to calculate IC50 value for each 
compound. Since the human monocyte pulse chase assay uses primary cells from 
different donors, each test compound was run in 2-3 separate experiments, using 
monocytes from 2-3 different donors. 

For examples 1,6,7 and 9, the in vivo ICso's ranged from approximately 0.1 to 
up to approximately 10 \iM. 

Elastase Inhibition (In Vitro) 

Compounds of examples 1 , 6 and 7 were examined for their ability to inhibit 
elastase. The in vitro assay was carried out as described by Cha, Biochem. 
Pharmacol,, (1 975), 24, 21 77-21 85. Examples 1 , 6 and 7 which are representative of 
this class of ICE inhibitor, did not inhibit elastase with ICso's ^ 1 0 ^iM. 
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WHAT IS CLAIMED IS : 

1 . A compound of the formula (I) or a pharmaceutical^ acceptable salt thereof: 




wherein: 



Yis 



H © 
H ^|JLRe 



R 



7 



o 

and when R 6 is OH, then Y can also be: 
H © 




O 

R 7 



OH 

R5 is H or deuterium; 
R 6 is OR 8 or NHOH 

where R& is independently H, alkyl, or aralkyl 
R 3 and R 4 = independently H, alkyl or aralkyl 



(I) 
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R 2 =H, alky!, -(CH 2 ) 0 -4-cycloalkyl, -(CH 2 )o^^ , -(CH 2 )cm^^ * 
aryl, heteroaryl, aralkyl, heteroaralkyl, -(CH 2 ) 2 -4-Rio; 

where n=1-3; 

where Rio= alkoxy, CH 2 F, CHF 2i CF 3 . CF 2 CF 3 , OH, COOR 11t CONRsR-n, or NR 9 Rn; 

where R9 is independently H, alkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, 

-CH 2 CH 2 0-alkyl and C(0)-R i2 ; 

where Rn is independently H, alkyl, aryl, aralkyl, heteroaryl and heteroaralkyl; 

and when R9 and Rn are taken together, they can equal a five, six or seven 
membered ring of the type: 

n 

where n =1-3 and m= 0-1 ; 

(*)- 

and R12 is alkyl, aryl, aralkyl, heteroaryl and heteroaralkyl; 





R17 



R7=H, CH 2 F, CHR 13 O(CO) 0 -i -aryl, CHR 13 OP(0)(R 14 )R(i5). -CHR ia O^ N Jj 

1 

Ris 



H 
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wherein: 

R13 = H or alky I 

R 14 = H, alkyl or aryl 

Ri5 » H, alkyl or aryl 

R 16 = H, alkyl, aryl, heteroaryl, aralkyl or heteroaralky 

R-17 = H, alkyl, CF 3 , CF2CF3, aryl, heteroaryl, aralkyl, heteroaralkyl, COORn, or 
CONR9R11 

R 18 = H, alkyl, CF 3 , CF 2 CF 3 , aryl, heteroaryl, aralkyl, heteroaralkyl 
R1 is defined as: 

R19-R2. R19-R20. R19-R21. R19-NR9R11 
where R19 = (CR3R4>o-4; 



R2 ° = ~\ / ~ t \^ s ' where X = O, S, NR 9 



^3 and J^f _ where n -1-3: 



R22O- 

where R 22 - alkyl, aryl, heteroaryl, aralkyl, heteroaralkyl, R1 g-cycloalkyl, R19-R2L R23- 
R10. R23-R20; 

wherein R 2 3 - (CR3R4)-2-4; 
R 9 R11N- and R24R11N- 



